Background-Popular social media could extend the reach of smoking cessation efforts. In this systematic review, our objectives were: 1) to determine whether social media interventions for smoking cessation are feasible, acceptable, and potentially effective; 2) to identify approaches for recruiting subjects; and 3) to examine the specific intervention design components and strategies employed to promote user engagement and retention.
Introduction
Smoking is the leading preventable cause of death in the United States, accounting for about 480,000 deaths annually and over $300 billion in direct medical care and lost productivity costs. 1 Since the 1980's the overall prevalence of cigarette smoking has declined, yet it is estimated that 40 million adults in the United States continue to smoke cigarettes. 2 Several population groups also show disproportionately higher rates of tobacco use. For example, over the past 30 years there has been little change in smoking rates among young adults despite widespread public health efforts. 3 Additionally, persons living below the poverty line and people with mental illness or physical disabilities are more likely to smoke cigarettes compared to the general population. 1 It is critical to identify innovative approaches to advance population wide tobacco cessation efforts and to specifically target segments of the population at elevated risk for tobacco use.
Unprecedented growth in the use and availability of social media may afford new avenues for supporting tobacco cessation efforts. Social media encompasses interactive web and mobile platforms through which individuals and communities can share, co-create, or exchange information, ideas, photos, or videos within a virtual network. Nearly two thirds of adults in the United States use social media 4 , and for most of these individuals social media has become an important fixture of their daily lives, capturing their attention at repeated time points throughout the day. 5 The barriers to using social media are low given that most social media platforms are freely available and can be accessed at any time of day from any device with connection to the Internet including mobile phones, tablets, or computers. Social media use remains highest among young people and individuals with higher education, though use has steadily increased among older age groups, low-income individuals, and among people from rural areas. 4 Men and women use social media at comparable rates, and there are few differences in social media use between racial and ethnic groups (e.g., 56% of African Americans, 65% of Hispanics, and 65% of non-Hispanic whites use social media). 4 Social media platforms such as Facebook or Twitter have been increasingly used for health promotion and supporting public health efforts, as highlighted in a recent systematic review of 73 studies. 6 For example, this prior review found that social media appeared promising for reaching adolescents and young adults, and for targeting problem alcohol or substance use behaviors, mental health, and individuals at-risk of sexually transmitted diseases. 6 One study demonstrated the feasibility and acceptability of engaging homeless youth in an HIVprevention program using YouTube and online communities on Facebook and MySpace. 7 Another study showed that Facebook could successfully support recruitment of young adult veterans with high rates of mental illness, problem drinking and substance use. 8 Given the popularity of social media and mounting evidence supporting the use of these platforms for public health efforts and for reaching at-risk groups, there may be opportunities to reach people who have disproportionately elevated risk of smoking cigarettes and who have been difficult to engage through traditional tobacco cessation efforts.
Social media interventions could build on the success of existing web-based smoking cessation efforts. For instance, several studies support the effectiveness of web-based programs for smoking cessation 9, 10 , with some programs achieving quit rates that exceed 24%. 11 Despite this success, there have been limitations in effectiveness due to substantial drop-off in participation 9 , and the continued reliance on the static delivery of text-based information through self-directed learning, didactic sessions led by professionals, and few opportunities for interaction with other individuals who are also trying to quit smoking. 12 Interactive elements such as discussion boards or forums have been included as part of several web-based programs and appear promising for engaging users 10 , though these components have not been central to these interventions. In contrast, social media is highly interactive by its very nature, and may represent an avenue through which to support smoking cessation efforts by allowing users to connect with and support each other, and share their experiences or challenges in quitting smoking by posting text, photos, images, or videos. 13 Research shows that health behaviors can disseminate rapidly on social media, including the onset of smoking behaviors through exposure to images or depictions of tobacco use 14, 15 , as well as interest in quitting by connecting with and learning from others who share similar health goals. 16, 17 Longitudinal data suggest that individuals who were able to successfully quit smoking had more network ties and had more direct interactions with others over social media compared to those who did not quit. 18 Social interaction may be key for supporting smoking cessation on social media, yet public health campaigns on social media have largely focused on dissemination rather than engaging and interacting with users. 19 The success of tobacco cessation efforts on social media will likely depend on whether the interactive features of these platforms may be effectively leveraged to engage users and members of their online networks towards encouraging and supporting the decision to quit smoking.
As social media platforms continue to evolve rapidly and use of these platforms becomes more prevalent across diverse population groups, it is critical to determine whether social media is feasible, acceptable, and potentially effective for delivering smoking cessation interventions. Identifying the features of social media interventions that appear effective and the strategies that have been successful for overcoming challenges with reaching target populations will inform the design of future smoking cessation interventions. The purpose of this systematic review is to summarize the evidence on the use of social media for smoking cessation. We address the following objectives: 1) to determine whether social media interventions for smoking cessation are feasible, acceptable, and potentially effective; 2) to identify effective strategies for recruiting subjects; and 3) to examine the specific intervention design components and strategies employed to promote user engagement and retention.
Methods

Search Strategy
We registered our search strategy protocol to the PROSPERO International prospective register of systematic reviews (Registration number: CRD42016044080). We searched the following databases through July 31 st , 2016: Scopus, Medline, EMBASE, Cochrane Central, PsychINFO, CINAHL, and Web of Science. We used search terms for social media. These terms were combined with tobacco, smoking, smoking cessation, tobacco reduction, tobacco consumption, and cigarette. Each term was entered as a key word and corresponding medical subject heading (MeSH) term. MeSH terms refer to the United States Library of Medicine's controlled vocabulary thesaurus and are primarily used for indexing articles in Medline. Combining MeSH terms with general free text search terms is important in order to identify as many relevant records as possible. 20 No language limits were applied. The complete search strategy used in Medline is listed in Table 1 . We also searched reference lists of included studies, prior systematic reviews, and Google Scholar to identify additional relevant studies.
Study Selection Criteria
We only included studies that recruited participants and that evaluated an intervention for smoking cessation delivered through social media. Participants could be from any population group. We defined social media as interactive web and mobile platforms through which individuals and communities share, discover, co-create, or exchange information, ideas, photos, or videos within a virtual network. 21 We included all types of study designs, but eligible studies had to report outcomes. All types of outcomes were deemed eligible. This could include outcomes related to feasibility, acceptability, safety, usability, efficacy, implementation, or effectiveness. Therefore, we excluded research protocols, review articles, non-intervention studies, and discussion articles.
Data Extraction and Analysis
One researcher (JN) independently screened titles of retrieved studies for eligibility. In this initial step, articles were excluded that were not relevant, such as articles that were not about cigarette smoking or tobacco use, that did not describe intervention studies, or did not involve the use of social media. The same researcher then screened abstracts of potentially eligible articles and discussed inclusion/exclusion of relevant articles with a second researcher (LM). Both researchers (JN & LM) then reviewed the final list of relevant studies for inclusion. The same two researchers then extracted the following data from the included studies: country of origin, social media platform, study design, sample size, sample gender, intervention description and characteristics, main outcomes, recruitment strategies, procedures for encouraging engagement with the intervention, and participant attrition. The researchers then organized these data into tables, and re-reviewed inclusion criteria before deciding on the final list of included studies. Both researchers (JN & LM) met on a weekly basis to discuss studies for inclusion and to reach consensus. In cases where there was uncertainty, a third researcher (SJK) was consulted. Three additional researchers (SJK, KA, & MB) also reviewed the final list of included studies. In many cases, results from a single study are published as multiple manuscripts, such as reporting of secondary outcomes. Therefore, we were careful to avoid over counting studies, though secondary analyses from studies that met our inclusion criteria were also reviewed to supplement data extraction. All authors reviewed the final tables. Given that many studies were preliminary and involved pilot evaluations, used varying study designs, and reported heterogeneous outcomes, a metaanalysis of quantitative findings was not possible.
Quality Assessment
We assessed the methodological quality of the included studies using a 12-item quality assessment scale adapted from prior systematic reviews. 22, 23 The scale covers four key domains related to the quality of the study methods: 1) study sample; 2) follow-up and attrition; 3) data collection; and 4) data analyses. Each domain has between 2 and 4 criteria, leading to a total of 12 quality assessment criteria. The quality criteria and domains are presented in Table 2 . When the criteria were met the studies received positive scores ("Yes"), and when the criteria were not met the studies received negative scores ("No"). Two researchers (JN and LM) independently completed the quality assessments for the included studies. Both researchers then reviewed the ratings to ensure consistency and to reach consensus. All authors reviewed the final quality ratings.
Results
Our search of the different databases yielded 527 articles after removal of duplicates, of which 85 were relevant and required full-text review ( Figure 1 ). We found one study evaluating an anti-smoking Facebook campaign for college students 24 , though we excluded this study because our primary focus in this review was smoking cessation rather than prevention. In total, 7 studies met our inclusion criteria, all of which were published since 2014. Among the included studies, two were from Canada 25, 26 , one was from Hong Kong 27 , and four were from the United States. [28] [29] [30] [31] The studies enrolled a combined total of 9755 participants (range 40 to 9042; median = 136). Study samples ranged from 26% to 77% male. Four studies were randomized controlled trials 24, 27, 28, 30 , one study employed a quasiexperimental design 25 , and the remaining three studies were pilot or initial feasibility studies. 26, 29, 31 We also identified three articles reporting secondary outcomes [32] [33] [34] and one study protocol 35 corresponding to the included studies. We referred to these additional articles during our data extraction and analysis to ensure that complete methodological details and outcomes could be reported for each study. Characteristics of the included studies are summarized in Table 3 .
Types of interventions
As described in Table 3 , the studies ranged in duration from as little as 30 days up to 12-months, with the median follow-up of 84 days (range = 30 to 365 days). All seven studies focused on smoking cessation, of which four used Facebook. [26] [27] [28] 31 One study compared the use of closed discussion groups on Facebook with closed discussion groups on WhatsApp for preventing relapse among recent quitters. 27 In another study participants in a closed Facebook group were encouraged to post photos related to their experiences quitting smoking 26 , while in another study the researchers posted content in the Facebook group that was tailored to participants' stage of readiness to quit smoking. 31 One study involved a Facebook game where users could interact with a cartoon character that provided support and encouragement to set a quit date. 28, 35 There were also two studies using Twitter, where daily "Tweets" were posted to a closed group to encourage discussion among participants about the benefits of quitting smoking and to provide targeted support and feedback. 29, 30 The Twitter messages in these two studies were combined with use of nicotine patches. 29, 30 Another study used an interactive website, social media including Facebook and YouTube, and a smartphone application as part of a campaign framed around the theme of a "break up" to encourage young adults to end their "bad relationship" with tobacco products. 25 
Study outcomes
As highlighted in Table 3 , five studies reported smoking-related outcomes. Participants in a WhatsApp group reported lower relapse rates compared to a control group at 2-months and 6-months, but no differences in relapse in a Facebook group compared to a control group at 2-months and 6-months. 27 There was a trend for more posts in the WhatsApp group from the moderator and participants compared to the Facebook group, which could explain the increased effectiveness. 27 This study also reported biochemically verified abstinence at 2-months and 6-months collected in-person by research staff using exhaled carbon monoxide and saliva cotinine tests, though there were no differences between groups. 27 One study using a closed Facebook group tailored to participants' stage of readiness to quit contributed to reduced cigarette consumption and an increase in quit attempts. 31 This study also collected biochemical measures of smoking abstinence using mailed saliva cotinine test kits. With the assumption that missing participants continue smoking, biochemically verified abstinence was 5% at 3-months, 8% at 6-months, and 8% at 12-months, compared to selfreported 7-day point prevalence of 9% at 3-months, 18% at 6-months, and 13% at 12-months. 31 In this study, more commenting in the Facebook group was associated with biochemically verified abstinence at 3-month follow-up. 31 In a pilot study using Twitter, more frequent tweeting about smoking related topics such as setting a quit date, using nicotine patches, overcoming barriers to quitting, and expressing confidence about quitting was significantly associated with abstinence. 29 A subsequent randomized controlled trial of this Twitter intervention demonstrated greater abstinence compared to a usual care control condition, and showed that greater tweet volume significantly predicted sustained abstinence. 30 A quasi-experimental study of a smoking cessation campaign for young adults involving an interactive website connected to social media and a free smartphone application showed greater abstinence compared to standard smokers helpline telephone counseling. 25 Of the two remaining studies, one demonstrated the feasibility of a closed Facebook photography group for young adult smokers 26 , and the other reported the diffusion of a game for smoking cessation through the Facebook network. 28, 35 
Participant recruitment strategies
The included studies primarily recruited participants using Facebook, Google, or other online advertisements (see Table 4 ). 25, [28] [29] [30] [31] 35 Of these studies, one reported that the cost to recruit each participant using Facebook advertisements was $8.80. 31, 33 Another study recruited participants using a combination of online and traditional face-to-face approaches, including Facebook advertisements, Twitter posts, as well as flyers, posters, print ads, and craigslist postings. 26 One study recruited participants from a clinical setting who successfully completed a treatment program. 27 
Strategies to promote engagement
As illustrated in Table 4 , many studies used different strategies to promote participant engagement with the intervention content. [26] [27] [28] [29] [30] [31] These included use of three weekly reminder messages sent by a program moderator who was a social worker or nurse with smoking cessation counseling experience 27 , automated alerts and daily prompts sent through Facebook to use the program and to set a quit date 28, 35 , daily automated Tweets to encourage tweeting and discussion related to quitting smoking 29 , and use of telephone calls or text message reminders. 29, 30 One study used weekly Facebook and email reminders and paid participants up to $10 each week to actively post, comment, or like content in a closed Facebook group. 26 In another study, some participants were randomly assigned to receive a $50 gift card to promote engagement in a Facebook intervention. 31 Participants across different studies were more likely to view Facebook content if they received prompts or reminders sent directly through the Facebook platform 28 , or comment on Facebook posts if they successfully quit smoking or received incentives. 31 
Participant retention
Participant retention is listed in Table 4 , where rates of participant follow-up ranged from 35% to 84% (median = 70%). Four studies reported using financial incentives to compensate participants for completing follow-up assessments. 25, 27, 28, 31 Few studies reported reasons for not completing follow up assessments, though one study found that no baseline characteristics were predictive of participant retention, but that participants who responded to automated Tweets as part of the intervention were more likely to complete follow-up assessments. 30 
Methodological quality
As reflected in Table 5 , the included studies had moderate to high methodological quality. Across studies, the recruitment strategies were well defined, the sample characteristics were clearly presented, and the flow of participants through the study including retention at follow-up data collection points were described in detail. The quality scores were lowest for the item related to achieving participant follow-up greater than or equal to 75%. Additionally, only two included studies verified smoking cessation using a biochemically verified measure. 27, 31 This reflects that in studies of social media-based interventions for smoking cessation, most data collection occurred through self-reported online surveys.
Discussion
We identified 7 studies that evaluated the feasibility, acceptability, or effectiveness of smoking cessation programs delivered on social media platforms including Facebook and Twitter. Social media appears to offer a feasible and acceptable platform for supporting smoking cessation efforts as demonstrated by the ability to recruit and retain smokers online, to deliver targeted smoking cessation interventions, and to collect clinically meaningful smoking-related outcome measures. We also observed that many of the social media interventions showed preliminary effectiveness in terms of increasing motivation or interest in quitting, prompting quitting attempts, and preventing relapse or sustaining abstinence. Despite findings of acceptability and potential effectiveness of social media interventions, future rigorous trials are necessary to establish effectiveness, evaluate the costs and sustainability of these programs, and determine whether these programs can reach lowincome individuals, young people, or other vulnerable groups who smoke cigarettes at disproportionately higher rates compared to the general population.
Smoking related outcomes were largely collected through self-report 25, 29, 30 , though two studies also confirmed abstinence biochemically. 27, 31 Outcome measurement is an important consideration for web-based tobacco cessation research given the need to balance scalability with clinical effectiveness. For example, a Facebook program for smoking cessation may hold promise for reducing tobacco use at a population level, yet it will be necessary to confirm that such an approach is effective through rigorous measurement of objective outcomes prior to widespread dissemination. Future success of social media interventions for smoking cessation will likely be dependent on whether effectiveness studies can first demonstrate biochemically confirmed abstinence. An ongoing study of a Facebook intervention for smoking cessation among young adults will verify abstinence by having participants send photos of themselves using mailed saliva cotinine test kits. 36 It will also be necessary to determine whether social media interventions can achieve long-term smoking abstinence. Six studies included in this review collected outcomes after at least 2-months follow-up [25] [26] [27] [29] [30] [31] , of which only one reported 12-month outcomes. 31 It has been suggested that access to social media interventions could be extended over longer periods of time, with occasional posts to check in with participants and to support continued abstinence following the active phase of the program. 31 We observed that low participant retention was potentially a concern because only two studies achieved at least 75% retention at follow-up. 30, 31 Efforts to promote engagement appeared effective and these included use of automated reminders or prompts sent through social media 27, 28 , telephone calls or text message reminders 29, 30 , or financial incentives. 26, 31 Existing web-based tobacco cessation efforts have similarly faced challenges due to low participant engagement and poor retention. 9 However, many of these existing programs have relied extensively on didactic or text-based communication approaches to delivering smoking cessation content modeled after national guidelines. 13 Social media platforms can allow users to share their experiences, interact with others, and provide or receive support using a combination of self-generated photos, text, audio, or video content. 13 Future studies are necessary to determine how best to leverage social media platforms to achieve better participant engagement compared to previous online programs. 34 It is important to note that social media interventions should be considered an approach for augmenting existing inperson smoking cessation programs and for reaching individuals who may be reluctant or unable to access traditional smoking cessation treatment. Additional careful consideration of the risks, harms, and potential limitations associated with social media interventions for smoking cessation is warranted. Lastly, several studies included in this review had small sample sizes or lacked adequate comparison conditions, highlighting that social media for smoking cessation is an emerging research area and that future large scale rigorous controlled studies are necessary for establishing the effectiveness of interventions delivered through these popular platforms.
Despite limitations with the included studies, a key finding from our review is that popular social media such as Facebook and Twitter are viable platforms for supporting smoking cessation. Use of social media for behavioral health interventions is a nascent field of research, and there are many innovative ways that online networks could potentially be leveraged to support tobacco cessation efforts. For example, we found that Facebook could be used to reach and engage smokers interested in quitting as demonstrated by the dissemination of smoking cessation content through an online network. 28 From the randomized controlled trial of a Twitter intervention included in this review 30 , we identified a report on secondary findings from this study illustrating characteristics of the network ties between participants enrolled in the intervention. 32 This secondary analysis demonstrated that abstainers and nonabstainers interacted with each other, suggesting that participants who are successful at quitting smoking as well as those who are not successful both engage in the social media program and content. 32 Therefore, it may be possible to support participants who face challenges quitting smoking through their extended network connections with participants who successfully quit. There are also ways to use social media to facilitate peer recruitment as demonstrated in a recent study where smokers referred friends to participate in a cessation program. 37 As prior research has documented the spread of smoking-related behaviors between members within a social network 38 , future research could examine ways of leveraging these network ties using social media platforms to substantially extend the reach of smoking cessation efforts.
For smoking cessation interventions using social media to achieve long-term sustainability, it will be necessary to identify the underlying behavioral mechanisms that contribute to the success of these interventions and improvement in smoking-related outcomes over time. Given that social media platforms will continue to change rapidly in the years ahead, it is important to further our understanding of how interpersonal connections within online networks contribute to the adoption, modification, and spread of health behaviors 39 , and how best to mobilize these online relationships to support smoking cessation. If not, we risk developing and evaluating interventions that are suitable only for the social media platforms of today, such as Facebook or Twitter, without considering how these platforms will evolve over time or how emerging social media platforms may be used to target tobacco use among younger generations (e.g., Snapchat). Understanding mechanisms of behavior change could help inform strategies that could be used across different social media platforms.
The success of social media interventions may be driven by several different behavioral mechanisms. For example, social media could provide a platform for social modeling, where participants develop personal skills and obtain new knowledge by learning about the successes and challenges of quitting smoking from other participants. 40 There may be opportunities to leverage features of social media platforms to increase self-efficacy for quitting by helping participants manage tempting situations 41 , or to facilitate verbal or social persuasion by sending personalized encouragement or prompts to help individuals feel confident so that they can quit smoking. 40 Social media may also yield new ways to foster social support for health behavior change through motivation, encouragement, and learning from peers who share similar experiences or health goals. 42 Research suggests that engaging existing friends in online networks may be an important strategy for achieving better behavioral health outcomes. 43 Therefore, careful and frequent assessment of the mechanisms responsible for influencing health behaviors is necessary to better understand how specific components of social media interventions may contribute to successfully quitting smoking and preventing relapse. 41 Social media interventions also afford unique opportunities to overcome barriers such as cost, geographic distance, and stigma that could impede attempts to quit smoking. Most popular social media platforms are free to use, can be accessed from nearly any location through mobile devices, and allow users to choose a certain degree of privacy and anonymity. We found that several studies used closed Facebook groups, where group membership is concealed from individuals' other friends on Facebook. For many other social media platforms, users can create accounts using pseudonyms to conceal their identity. These are important considerations for smokers who may feel embarrassed or ashamed about being a smoker or who may also have other stigmatizing health conditions. Given the widespread use of social media, even among population groups at disproportionately elevated risk for tobacco use 4, 21, 44, 45 , there may be opportunities to leverage these popular online platforms to support smoking cessation among those at greatest risk. However, in this review, we did not identify any studies of social media for smoking cessation among vulnerable population groups such as people with mental illness or other disabilities, though we believe that this is an important area for future investigation.
Limitations
There are limitations with our review that warrant consideration. First, the included studies employed varying designs, analytic techniques, and outcome measures (smoking-related outcome measures were heterogeneous across most of the studies in which they were reported); therefore, we were unable to conduct a meta-analysis to assess estimates of effect for the different interventions. Second, our search strategy did not include the names of the numerous popular social media platforms; therefore, it is possible that studies using popular social media platforms without specifically describing it as social media may have been missed in our search strategy. Third, we did not search the grey literature, which refers to unpublished work or studies that are not formally published in books or journals 20 , and it is possible that there are social media smoking cessation programs that have not undergone formal evaluation and publication in peer-reviewed journals. All of the studies included in our review were published since 2014, highlighting that there likely will be increasing 
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Author Manuscript interest in using social media for smoking cessation in the coming years. Our review provides an initial overview of this rapidly advancing field, and offers important insight for guiding future research.
Conclusion
Globally there are over 2 billion social media users 46 , and in the United States about two thirds of adults use social media 4 , highlighting opportunities for social media smoking cessation efforts to achieve wide reach. However, efforts are necessary to overcome substantial methodological and practical challenges related to participant engagement and retention, measuring and sustaining clinically meaningful outcomes, and identifying underlying behavioral mechanisms that could inform the scalability of smoking cessation efforts across diverse social media platforms. Consideration of the costs and costeffectiveness of social media interventions is equally important to ensure that efficient payment models can be implemented to support the delivery and sustainability of social media interventions targeting tobacco use. It will also be critical for behavioral health and tobacco researchers to collaborate across disciplines including computer science, engineering, data science, marketing, and communication, and to consider the perspectives and preferences of patients and families who actively use social media. This is an important time for tobacco cessation research, because social media platforms allow access to a highly dynamic, scalable, and popular online network with the potential to reach individuals who have previously not been possible to engage in behavior health interventions. 
Highlights
• Social media interventions for smoking cessation emerged as feasible and acceptable.
• Several social media interventions contributed to improved smoking-related outcomes.
• Engagement in social media programs may predict improved smoking-related outcomes.
• Social media holds potential to support population wide smoking cessation efforts. Table 1 Search strategy used in Medline Description of the adapted criteria used to assess the methodological quality of the included studies a
Criteria Description
Study Sample 1. Recruitment Sufficient details provided about the recruitment methods to allow replication 2.
Participation rate Participation rate of at least 80% among individuals who met eligibility criteria. This helps to demonstrate that the sample is representative of the target population.
3.
Baseline characteristics Description of baseline study sample provided. Must include the following key characteristics: age, gender, and smoking status Table 3 Summary of intervention studies using social media for smoking cessation Table 4 Participant recruitment, engagement and retention in intervention studies using social media for smoking cessation Table 5 Quality assessment of social media for smoking cessation studies 
